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Abstract

Changes to lung volume and capacity occur after intense power output. The aim of this investigation was chang-
es in the parameters of dynamic lung function after short-term high intensity exercise and the correlation between
the above mentioned parameters before and after exercise.

Changes to the parameters of dynamic lung function (forced vital capacity - FVC, forced expiratory volume during
the first second — FEV | , and peak expiratory flow — PEF) were studied on a sample consisting of 11 elite judoists
(age 21+2.41 years; height 176.63+7.43 cm; weight 75.55+8.91 kg; body fat 8.25+4.38%; VO, 54.99+4.11
mL-kg!'min).

Before and after “all out” Wingate test (peak power 11.95+0.79 W-kg™'; mean power 8.18+0.48 W-kg™). There
are significant difference (p<0.001) among the average values of FVC (1.67+0.63 L or 25.39+9.1%), FEV |
(1.08+£0.5 L or 21.1+9.13%) and PEF (1.85%0.36 L-s! or 17.9£3.99%) which were determined over different
periods of time in relation to “all out” test carried out on the subjects. The positive correlation among the FVC,
FEV, ,and PEF determined before the ,all-out” test, with the same lung function parameters determined after the
test, can indicate that the extent of the manifested power, for elite judoists, has no negative influence on the re-

covery of dynamic lung function.

A lesser reduction in dynamic lung function after short-term high intensity exercise enables a quicker recovery be-
tween consecutive attacks, which creates the necessary functional conditions for scoring better results at competitions.

judo * power * lung function tests * training effect * recovery

Dragan Radovanovic, Department of Exercise Physiology, Faculty of Sport and Physical Education, University of
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BACKGROUND

Judo is a dynamic and physically demanding sport which
is characterized by alternations between maximum in-
tensity, lasting on average 15-30 s, and rest periods,
lasting around 10 s [1]. This is the reason why judoists
primarily engage the anaerobic part of their bioenerget-
ics capacity [2]. A large number of different variables
(physiological, technical, tactical and psychological)
determine the final (competitor’s) result in judo. Over
the last three decades, several studies have been carried
out with the aim of analyzing the requirements that a
judoist has to meet in order to score top results [3-7].

For the past decade, studies have focused on the rela-
tions between the cited variables in situations which are
characteristic for this kind of sport [8,9]. Franchini et
al [10] have shown that the morphological and func-
tional characteristics of judoists correlate with the tech-
nical elements carried out during a match. It is there-
fore possible that any improvement to one of the cited
variables can have a positive effect on the rest of them.
Our research so far has indicated that changes to the
plan and program of a six-week training program right
before a competition can result in serious changes even
for the competitors who have been part of the train-
ing process for years [11]. Physiological profile of judo
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Judo - Literally meaning
“the way of softness and
flexibility”, a martial art
(budo) created by Jigoro
Kano [30]. Judo is a
complex sport where many
variables (tactical, technical,
physiological, psychological)
determine the final result

[10].

Power — The rate of
performing work; the
product of force and velocity.
The rate of transformation
of metabolic potential energy
to work or heat (SI unit:
watt) [14].

competitors is not easy to determine because differenc-
es in body mass, stature and body composition. Gariod
et al. [12] have, by analyzing high energy phosphates
by means of a spectroscopic magnetic resonance using
a spectroscopic method of nuclear meagnetic resonance
with a 31P, determined two dominant profiles of judo-
ists: the aerobic and anaerobic one. Judoists who usual-
ly win during the final minutes of the match are said to
be of the aerobic profile, while the judoists who usual-
ly win at the beginning of the match are usually said to
be of the anaerobic profile. The decrease in the amount
of creatine phosphate during a maximal voluntary con-
traction was smaller in the case of judoists belonging to
the aerobic profile, but the re-synthesis of the creatine
phosphates was quicker in comparison to the judoists
who belonged to the aerobic profile [13]. These results
indicate that physiological and biochemical processes
directly influence the manner in which the match takes
place, as well as the application of technical and tacti-
cal elements during a match.

During physical activity which is of a lesser intensity, what
primarily increases is the value of respiratory volume in
relation to the frequency of respiration. In the case of
physical activity from middle to maximal intensity, respi-
ratory volume increases up to 50% of the maximal capac-
ity [14]. Respiratory frequency during activities of maxi-
mal intensity is: in the case of children aged 5, around 70
breaths'min~!, children aged 12 around 55 breathsmin’!,
and adults aged 25, 4045 breaths'min™ [15]. In the case
of fit athletes, who have great values of aerobic capacity; re-
spiratory frequency reaches around 60 breaths-min' [16].

The ability to retain a high level of air flow depends on
the speed at which a certain volume can be changed dur-
ing a respiratory cycle, as well as on it size. Dynamic
functions can be studied during a short period of hy-
perventilation or during individual maximal respiratory
strain. Dynamic lung function is usually evaluated [17]
by measuring the forced vital capacity (FVC), forced
expiratory volume during the first second (FEV, ) and
peak expiratory flow (PEF).

Changes to lung volume and capacity occur after in-
tense power output. After the ,all-out” activities of cer-
tain athletes, especially rowers, respiratory problems
such as coughing accompanied by expectoration and
dyspnea can occur [18]. The cough can last for several
days. A decrease in FVC immediately after an activity
[19], reduction in PEF and an increase in residual vol-
ume are all part of the findings described in previous
research [18,20,21].

The aim of this investigation was changes in the param-
eters of dynamic lung function after short term intensity

exercise and the correlation between the above men-
tioned parameters before and after short-term high in-
tensity exercise.

MATERIAL AND METHODS

A total of 11 male subjects (age 21+2.4 years, height
175.6+7.4 cm, weight 75.5£8.9 kg, body fat 8.2£4.4%)
participated in the investigation. All of the subjects were
elite judoists (winners and medal recipients at the nation-
al championships of Serbia, winners and medal recipi-
ents at championships of the Balkan region, participants
of the University games and European championships),
with years of experience at competitions. All of the sub-
jects were presented with the relevant information in
written form regarding the aims, course, participation
and possible unwanted side effects of the investigation.
All of the subjects voluntarily gave their written consent
to participate in the investigation, and underwent a gen-
eral physical examination. None of the subjects showed
any evidence in their anamnesis or clinical report about
exercise-induced bronchoconstriction.

The investigation protocol consisted of anthropomet-
ric measurements (weight, height, body fat), functional
tests (estimation of VO
its characteristics such as short duration and standard-

e A0d Wingate test, because of
ized protocol, a 30-s ,all-out” Wingate test was used
as an high-intensity exercise), and monitoring of lung
function using the method of computerized spirome-
try. Body height was measured by means of an anthro-
pometry (GPM, Switzerland) and in accordance with
standardized procedure [16]. The results of the mea-
suring’s were accurate within 0.1 cm. Body weight was
measured by means of electronic scales (Tefal, France)
with an accuracy within 0.1 kg. To analyze bioelectri-
cal impendence [22,23] the BF device (Omron, Japan)
was used. Data regarding percentage of fatty tissue were
read off the display with an accuracy of 0.1%. Maximum
oxygen uptake (VO, ) was estimated by standardized
6 minute submaximum test on the leg cycle ergometer
(Kettler, Germany) along with telemetric monitoring of
heart function (Polar, Finland). The setting up of the
equipment and the subjects’ warm-up carried out ac-
cording to the standard. Data calculation was carried
out with the help of specially designed software on the
basis of a series of polynomial equations based on the
Astrand-Ryhming nomogram [17]. The testing was car-
ried out at least 24 hours prior to the measuring of dy-
namic lung function and the execution of the “all-out”
Wingate test.

The anaerobic capacity parameters were determined
by the “all-out” 30-s anaerobic Wingate test [24,25].
For this purpose, a cycle ergometer equipped with an
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Table 1. The anthropometric and functional characteristics
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Table 2. The lung capacity parameters after the “all-out”

of the judoists (n=11). test.
Variables Means +SD Min-max ] Means +SD Min-max
Age (years) 21.0042.41 18-27 FVC (L) 4.85+0.69 4.00-6.14
Body height (cm) 176.63+743  163.10-192.60 FEV,., (L) 4.02+0.61 3.18-499
Body weight (kg) 75.55+8.91 63.30-86.40 PEF (L's™) 8.55%1.01 7.06-10.1
Body fat mass (%) 8.25+4.38 3.80-15.20 mn
V0, (mlkg'min)  5499+4.11 49.95-62.54 FVC(L) 5.54+0.69 4.89-6.96
Peak power (W-kg™) 11.95+0.79 10.89-13.42 FEV,, (L) 4.48+0.5 3.76-5.13
Mean power (W-kg™) 8.18::0.48 7.59-8.98 PEF (Ls™) 9.44+0.87 7.93-10.84
FVC (L) 6.52:0.74 5.77-8.23 v
FEV,, (1) 5104052 425-5.95 RV 6092071 5.36-7.86
PEF (Ls™) 10.400.96 9.15-11.95 FEV,, (L 484051 3.98-5.55
PEF (L:s™) 10.02+0.9 8.65-11.46

FVC - Forced Vital Capacity; FEV, / - Forced Expiratory
Volume during the first second; PEF - Peak Expiratory Flow.

electronic measuring device with a display was used
(Siemens, Germany). The setting up of the equipment
and the subjects’ warm-up carried out according to the
standard. Data registration was carried out with the
help of specially designed software on the basis of the
standards devised by the author of the test [24] and the
published technical description of a system for register-
ing data by means of a computer [26].

A computerized spirometer was used to monitor chang-
es to respiratory functions by means of the FVC, FEV,,
and PEF parameters (Cosmed, Italy). Subjects were re-
quired to perform FVC maneuvers on computerized spi-
rometer according to standards [27] in a total of four
measurings. The first measurement (I) was done before
the warm up procedure for the 30-s “all-out” Wingate
test. The second measuring (II) was carried out right af-
ter the completion of the test, with the exception that
the subjects had to leave the cycle ergometer when their
heart rates reached levels below 120 beats'min~'. The
third measuring (III) was carried out 60 seconds after
the completion of the second measuring procedure. The
fourth measuring (IV) was carried out 120 seconds af-
ter the completion of the second measuring procedure.

The testing was carried out in a room where the temper-
ature was 21-23°C, where the humidity was 55-60%,
so that the microclimatic conditions followed the stan-

dards for functional lab testing.
Data analysis
In order to test the normality of the distribution of the

studied features, the Shapiro-Wilk’s Test was used. In
cases where the distribution deviated in a statistically

FVC - Forced Vital Capacity; FEV, | - Forced Expiratory
Volume during the first second; PEF — Peak Expiratory
Flow; Il - The second measurement was done after the
test,immediately after the heart rate frequency decreased
bellow 120 beats-min~"; lll - The third measurement was
done 60 s after the completion of the second; IV - The
fourth 120 s after completing the second measurement.

significant manner from the normal values, some non-pa-
rameter tests were used. Levene’s Test was used as the test

to study the homogeneity of variance between the groups.

The one-way analysis of variance (One-Way ANOVA)
and the Tukey HSD Post Hoc Test were used to check the
differences in the average values between the repeated
determinations of the lung functions (FVC, FEV, ,and
PEF) at different intervals, in relation to the “all out”
test of the subjects. The correlation of the lung func-
tion parameters was checked by means of the Pearson
coefficient of linear correlation.

The correlation between the subjects’ fat tissue, and lung
function parameters (FVC, FEV i PEF), and anaerobic
endurance parameters was investigated by Spearman’s
rank correlation coefficients (Spearman’s tho — p).

In order to process the results of the study, the Statistical
Package for the Social Sciences (SPSS) for Windows
(Release 10.0, USA) was used.

RESULTS

The obtained results are shown in Tables 1-5.

The anthropometric and functional characteristics of
the judoists are shown in Table 1.
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Lung function tests —

are widely employed to
assess respiratory status.

In addition to their use in
clinical case management,
they are routinely used

in health examination in
respiratory, occupational
and sports medicine, and for
public health screening [16].

Training effect —
Physiological adaptation to
repeated bouts of exercise
[14].

Recovery - is physiological
processes taking place in
the period following an
acute bout of exercise when
the body is restored to

its pre-exercise condition.
Recovery processes include
replenishment of muscle
glycogen and phosphagen
stores, removal of lactic
acid and other metabolites,
reoxygenation of myoglobin
and protein replacement

[31].

Table 3A,B. The values of the lung capacity parameters of the subjects (means +SD) before and after the “all out” test.

A After the »all out« test
Variables Before the »all out« test
Il ] v
FVC(L)* 6.52+0.74 4.85+0.69 5.54+0.69 6.09+0.71
FEV,, (L 5.100.52 4.020.61 44805 4.84+0.51
PEF (L-s™)* 10.40+0.96 8.55+1.01 9.44+0.87 10.02+0.9
*p<0.001
B Variables F p
FVC(L) 11.355 p<0.0001
FEV,, (1) 8416 p<0.001
PEF (Ls™) 8.165 p<0.001

FVC - Forced Vital Capacity; FEV, - Forced Expiratory Volume during the first second; PEF - Peak Expiratory Flow; Il -
The second measurement was done after the test, immediately after the heart rate frequency decreased bellow 120
beats-min~"; lll - The third measurement was done 60 s after the completion of the second; IV - The fourth 120 s after

completing the second measurement.

Table 4. The Pearson coefficient of the linear correlation
of the lung capacity parameters before the test
with the same parameters after the “all out” test.

After the »all out« test

Variables
] 1] ')
FVC(L) 0.614* 0.831%* 0.936%**
FEV,, (1) 0.62% 0.663* 0.908**
PEF (L-s™) 0.935%** 0.804** 0.847***

* p<0.05; ** p<0.001; *** p<0.0001.

FVC - Forced Vital Capacity; FEV, A - Forced Expiratory
Volume during the first second; PEF — Peak Expiratory
Flow; Il - The second measurement was done after the
test,immediately after the heart rate frequency decreased
bellow 120 beats:min~'; lll - The third measurement was
done 60 s after the completion of the second; IV - The
fourth 120 s after completing the second measurement.

The average values of the lung function parameters de-
creased significantly after the “all-out” test, and then
their values grew gradually (Table 2).

There is a statistically significant difference (p<0.001)
in the average values of FVC, FEV, , and PEF which are
determined over different periods of time in relation to
the test of the subjects (Table 3A,B).

The greatest decrease in the value of the lung function
was noted right after the test. The forced vital capaci-
ty (FVC), on average, decreased by 1.67 L+0.63 or by
25.39+9.1%. This decrease is of great statistical signif-
icance (t=8.785; p<0.001).

The forced expiratory volume during the first second
(FEV, ) immediately after the test had average values
of 1.08 L=0.5 or 21.1%=9.13. The decrease is highly
statistically significant (t=7.173; p<0.001).

The value of the peak expiratory flow (PEF) immedi-
ately after the “all out” test is smaller in relation to the
value before the test, on average, by 1.85 L's'+0.36 or
17.96+3.99%. The difference in the average values of
PEF immediately prior to and after the test is highly sta-
tistically significant (t=17.044; p<0.001).

The correlation between the FVC, FEV, - and PEE which
were determined before the test, with the same param-
eters of lung function determined after the test, is pos-
itive and statistically significant (Table 4). The corre-
lation between the subjects’ fat tissue and anaerobic
endurance parameters (Table 5) is negative (the higher
fat tissue percentage, the lower PP and MP) but it is not
statistically significant (Spearman’s p>0.05).

DISCUSSION

The results obtained by investigating the judoists’ func-
tional characteristics show that the values of VO,

2max

are at the average athletes’ level, but they are close to
the VO.

2max

11]. With regards to the previously described char-

values measured in elite judoists [4-6,9-

acteristics of judo as a sport, we consider this to be
an expected result and an indicator of a good aerobic
preparation. The parameters of anaerobic capacity de-
termined by the Wintgate test (peak and mean power)
are expectedly high having in mind the sample of elite
competitors, and they are similar to the results of our
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Table 5. The Spearman’s coefficient (p) of correlation of the subject’s body fat with lung capacity parameters before

and after the ,all-out” test.

After the »all out« test

Variables p before the »all out« test
Il 1l IV
FVC(L) 0.26 0.292 0.296 0.378
FEV,,, (L) 0.355 0237 041 0428
PEF (L-s™") 0.154 0.247 0.361 0.369

previous investigations as well as the investigations of
other authors.

The obtained results have indicated a significant decrease
in the values of the studied parameters of lung function
immediately after short-term high intensity bouts of ex-
ercise during the Wingate test. The greatest decrease af-
ter the test was noted for forced vital capacity (for about
25%) which can be interpreted by a greater influence of
fatigue of the breathing muscles, considering the fact
that expiration during forced spirometry lasts on average
for 3 seconds, in comparison to the study of the FEV .
The decrease to the FEV  after the test is statistical-
ly significant on average by around 21%. The values of
the PEF after the test have decreased by around 18%,
which is also statistically significant. During the third
and fourth measuring a gradual increase in the values
of the studied parameters was noted. The inspiratory
muscles (which undertake the majority of the mechan-
ical work of breathing) have been shown in previous
studies to exhibit fatigue after both short, high intensi-
ty bouts of exercise [28,29].

The mean values of the parameters of lung function de-
creased suddenly, immediately after a short-term pow-
er output, and then their values grew gradually during
the period of recovery. There is a statistically significant
difference in the values of FVC, FEV, , and PEF which
were determined at various intervals in relation to max-
imum power output in relation to the “all-out” anaero-
bic test of the subjects.

The results of previous research [18,29] also place much
emphasis on the study of changes to lung function as one
of the basic points of the functional fitness of athletes,
but as part of physical activity with primarily aerobic de-
mands. The aforementioned research was aimed at the
changes in lung function during a period of 5-30 min
after power output [19,20]. Considering the fact that a
judo match lasts for a total of 5 min, as part of our re-
search, changes were monitored over a very short peri-
od of time, after maximum physical activity, which suits
the characteristics of a judo match. However, this kind of
planning and execution made the direct comparison of
data with the research that is familiar to us impossible.

A positive correlation between the FVC, FEV | jand PEE
which were determined before the short-term power out-
put, with the same parameters of lung function, deter-
mined after the test, indicates that in the case of elite
judoists, the extent of the manifested power does not
have a negative influence on the recovery of dynamic
lung function. This can be considered the greatest de-
gree of functional adaptation in relation to the specif-
ic demands of judo as a competitive sport. A smaller
reduction of lung function after maximum power out-
put enables a quicker recovery between consecutive at-
tacks, which creates the necessary functional conditions
for better results at competition. The possible factors
which contribute to the described temporary changes
to lung volume after power output are: changes to the
volume of circulating blood, changes to the mechanics
of breathing, fatigue of the breathing muscles and the
development of subclinical extravascular lung retention
of fluid [16]. Due to the aforementioned, we consider
that monitoring the parameters of lung function and the
changes to them during physical activity of high (sub-
maximal and maximal) intensity can give a precise in-
sight into the functional state of athletes.

The correlation between the subjects’ fat tissue and lung
function parameters (FVC, FEV, , PEF) regardless of the
measurement time is positive (the higher fat tissue per-
centage, the higher values of parameters), but not sta-
tistically significant (Spearman’s p>0.05). The corre-
lation between the subjects’ fat tissue and the changes
. o» PEF) is pos-
itive at one time and negative at another, for the reason

in lung function parameters (FVC, FEV
that the variability of changes is extremely high, as well
as the variability of the subjects’ fat tissue percentage —

it is not statistically significant (Spearman’s p>0.05).

CONCLUSIONS

The positive correlation between FVC, FEV, jand PEF,
which were determined before the “all-out” test, with
the same parameters of lung function determined after
the test, indicates that in the case of elite judoists, the
extent of the manifested power does not have a negative
influence on the recovery of lung function. This can be
considered the greatest degree of functional adaptation
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in relation to the specific demands of judo as a compet-
itive sport. A smaller reduction of lung function after
maximum power output enables a quicker recovery be-
tween consecutive attacks, which creates the necessary
functional conditions for better results at competitions.

The obtained data from our research indicate that changes
to dynamic lung function can be used as an indicator of
functional fitness and even in the case of physical activi-
ty which is dominantly anaerobic. Although our research

is limited in term of number of participants, dealing with
elite athletes may help identify some of major determi-
nants needed to attain the best performance capacity in
judo competitors. Similar studies involving subjects who
participate in similar sports (boxing, wrestling, karate,
etc.) due to the kind of energy demands on physical ac-
tivity, the duration of the match and the type of tourna-
ment, are necessary for the confirmation of our results.
This would lead to the determination of this kind of test as

the standard in the functional diagnostics of elite athletes.
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